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Abstract 
Resilience thinking is the basis to guide the ecological sensitive area sustainable development. Resilience thinking revolves 
around system changes and to ignore or resist change makes us more susceptible to damage. The research attempts to apply 
resilience thinking in new town development in ecological sensitive areas. In particular, the paper proposes to impose ecological 
capacity control and projection of construction scales in the planning stage, to build an operational index system between 
planning and implementation, to avail the feedback mechanism in decision-making, and to ensure accurate implementation of the 
plan.
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1. Introduction
From the “Garden City Theory” of Howard to the proposal of the eco-city concept based on system theory in the
1980s, the theoretical explorations regarding city development and natural environment never stopped. Among the 
planning practices of eco-cities emerging in China in recent years, the construction of eco-city1 with big event and 
political influence was the most prominent; it mainly explores the technical suitability and cost effectiveness of 
* Corresponding author. Tel.:  +86 15072429142; fax: +86 027 87547033. 
E-mail address: 383142828@qq.com
1 Such as the Tianjin Sino-Singapore Eco-Town cooperated between the Chinese Government and Singapore Government, the Shanghai
Dongtan Eco-Town cooperated between Chinese Government and the UK Government, as well as the Caofeidian Eco-city located in Tangshan, 
etc.  
 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc-nd/4.0/).
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ecological construction under extreme conditions as well as the universality and effectiveness of the latest leading-
edge ecological technologies 2 . This has active significance to the explore selection of land for urban space 
development under the background of the current farmland protection policy in China 3 , but for most urban 
constructions, it is not necessarily has the generalization and universality, the reason is that its policy advantages on 
macro level are difficult to copy or simulate in most regions of China3. Therefore, it is urgent and necessary to 
explore the regular development model in Chinese ecological sensitive areas in order to solve the ecological 
problems faced by most cities.  
2. Development of Ecological Sensitive Area
2.1. Concept of ecological sensitive area 
Peng Zhenwei, et al. [1] believed that ecological sensitive areas not only include the ecological sensitive areas 
with large-scale ecological factors and ecological bodies that play a decisive role on the general ecological 
environment of area, such as mountain, reservoir, natural conservation area, but also include the urban and rural 
settlements surrounding ecological sensitive areas, it is a more complete spatial and social entity. You Jia [2] 
believed that ecological sensitive area is the collection of ecological sensitive area and surrounding areas. There 
currently are some misunderstandings about the protection and development of "Ecological Sensitive Area”, a 
common notion is that the simple maintenance through inflexible space control and non-development is protection of 
"Ecological Sensitive Area". Actually it is caused from the confusion of the two concepts of "Ecological Sensitive 
Area" and "Ecological Sensitive District". Besides the protection of ecological sensitive district (natural ecological 
factors), ecological sensitive area also needs to implement strict development control on the urban and rural 
settlements, which are the main source of artificial disturbance in the area. It can be seen that the development of 
ecological sensitive area includes the double connotations of protection and development.  
Fig. 1. (a) Model I: Stagnation of district develop; (b) Model II: Severe environmental damage; (c) Model III: Blind robbing of resources. 
2.2. Confusion in development of ecological sensitive area 
Considering the specialty of ecological sensitive area, pure protection or pure development will both bring all 
sorts of problems. Especially under the Chinese background of urban-rural dual system, the ecological sensitive 
areas surrounding big cities will across the two major administrative units of city and rural area, the control standard 
2 Taking the Sino-Singapore Eco-Town and Caofeidian Eco-city for example, both pilot cities were located at the districts of saline and alkaline 
land and lack of fresh water. Taking Dongtan Eco-Town for example, many cutting-edge technologies such as sea water desalination,
microbiological treatment technology, waste recycling technology are applied and tested. 
3 For example, the Sino-Singapore Eco-Town is a eco-city with its cooperation and construction determined by agreement signing by the 
premiums of both China and Singapore; Caofeidian Eco-city was a major strategic decision made by the Tangshan municipal party committee 
and the municipal government based on the spirit of the instruction of “Building Caofeidian into a demonstrative area of scientific development”
by the former General Secretary Hu Jintao. 
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of cities will be difficult to enforce in these areas, while the control method of rural area will also be difficult to 
adapt to the development demands of cities. Eventually, the protection of ecological sensitive areas has been 
retreating all along, the urban and rural construction has been stranding, which are mainly reflected as the following 
three models (Fig. 1). 
Firstly, districts have no other choice for development. Due to the weak economic foundation in ecological 
sensitive areas, in order to survive, the human being has to continuously get whatever available from the nature to 
maintain the demand for basic life, the district has stagnant economy, and the urban-rural gap keeps widening 
(Model I).  
Secondly, districts violate knowingly for the sake of development. In order to pursue short-term benefits, they 
ignore the development demands in the future, they forcefully develop and construct at the cost of resource damage. 
Urban construction becomes active, which causes district development speed to far exceed the self-recovery capacity 
of the environment, and breaks the ecological balance of the area. Such as the continuously appearing “Ghost Towns”
and “Empty Towns” caused from blind large-scale new town development (Model II)  
Thirdly, unclear district development. The current environmental problems are not only due to the crazy robbing 
of resources by the human being, the key lies in the violation of natural laws by simply and inflexibly classifying 
ecological preservation areas, the mistakes on thinking level has generated irreversible result to the ecological 
environment, such as leveling mountains to build towns and filling-up lakes to build towns, etc. (Model III)  
For Model I, it could be solved through social development to get rid of poverty; for Model II, it could be solved 
through management improvement and law improvement; while Model III is the most common and most difficult 
one to solve, due to the ignorance and misunderstanding in ecological system management, despite the great efforts 
made, but result made the environment worse, until the collapse of social-ecological system , recent results from 
Peng Shaolin [3]. 
3. Introduction of Resilience Thinking Theory
The core issues discussed in this thesis is how to maintain the good ecological pattern of current ecological 
sensitive areas from damage as well as maintain the sustainable development of such areas, the resilience thinking is 
introduced to discuss the development rules in ecological sensitive area and to find breakthrough point for the 
sustainable development of this area.  
3.1. Concept of "Resilience Thinking" 
Resilience Thinking is a new thinking method of resource management that is specially recommended by the 
Resilience Alliance4, it is a new ecological view proposed facing sustainable development, and evaluated by many 
scholars as the theoretical foundation of sustainable development. The core of resilience thinking is a very simple 
viewpoint, which is that all things are changing, change itself is not good or bad, but ignoring or contradicting these 
changes would make us easier to be hurt and would be equivalent to us giving up opportunities. The basic 
viewpoints of resilience thinking: I: everything is in the social-ecological system, it's a dynamically developing 
process; II: the social-ecological system has its adaptation; III: resilience is the key to maintain sustainability [4].
Therefore, the recognition of ecological sensitive area from the perspective of resilience thinking could be 
summarized into the following two points. Firstly, ecological sensitive area is mainly composed of ecological 
system and human social system, and is in the status of constant adjustment; secondly, for these changes, we should 
accept rather than resist. It could also be explained specifically in the following two models.  
4  The Resilience Thinking jointly edited by Professor Walker and Dr. Salt who are project directors of the Resilience Alliance is a 
representative book of this theory, the researchers in this alliance have been devoting to create a framework, so we can understand the changes in 
the social-ecological system.    
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3.2. Ball-basin model 
One of the viewpoints of resilience thinking is the dynamics of system development, which means the social-
ecological system will always transit from one stable state to another stable state (good or bad). This process could 
be reflected by the ball-basin model. Ball means the state of social-ecological system, it is a series of possible states 
happened to the system, in these states, the system may maintain the original state, or may cross the threshold value, 
surpass the edge of basin and enter the next equilibrium state, so as to generate a new structure and function [5].
Based on the ball-basin model (Fig.2), before new town development, the social-ecological system is relatively 
stable, human activities had certain influence on the social-ecological system, but the influence was not strong and 
in R1 state (a); with the new town development, the social-ecological system was disturbed, the shape of the basin 
began to change, but the own resilience and restoring force of the system was sufficient to tolerate these changes, 
and it is still in R1 state (b); once the new town expansion and strength enhancement broke the threshold value of 
the system itself, the shape of basin had structural change (c), the new basin shape appeared (d), the social-
ecological system will change from R1 to R2 state (d).  
Fig. 2. (a) Before development; (b) Reasonable development; (c) Expansive development t; (d) After development. 
3.3. Adaptive cycle 
Another core viewpoint of resilience thinking is the adaptive cycle of system. After researching the ecological 
system across the world, people found out that most natural systems would go through a repeated cycling process, it 
includes four stages: fast growth, stable conservation, release and reorganization (Fig.3), in which the fast growth 
and stable conservation are in forward cycle, while release and reorganization are in background cycle. Forward 
cycle has the characteristics of high stability, strong storage capacity and being good at accumulating resources, 
which hare good for the system stability; while backward cycle is uncertain, novel and experimental, it may generate 
destructive impact on the system [6]. During rapid urbanization stage, the development in the ecological sensitive 
areas surrounding cities, no matter they are carefully thought over by human being or natural and reckless human 
activity, will have huge influence on the system at this stage, therefore, the understanding of different stages of 
system would be good for the policy forming and resource utilization in the ecological sensitive area.  
Fig. 3. Applicability cycle diagram. 
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4. New-town Development Framework based on Resilience Thinking
The resilience thinking theory reflects that the development of ecological sensitive areas shall not only guarantee 
the resilience of district development, which requires maintaining and protecting the local natural ecological 
environment as much as possible in new-town construction and planning; but also increase district vitality, guiding 
the system to enter forward cycle stage, which requires new towns to absorb population and provide sufficient 
employment opportunities, so as to build a stable social-ecological system. Based on this, this thesis establishes the 
new-town development framework based on resilience thinking theory from the planning of innovation forming, 
establishment of index system and adjustment of feedback mechanism.  
4.1. Planning innovation of sustainable development 
In order to resilience of system and guide the system to enter forward cycle, it is necessary to, from the 
perspective of planning; introduce the two contents of ecological capacity control and construction scale estimation 
based on the traditional planning. 
4.1.1 Ecological capacity control based on ecological principle 
x Ecological environment carrying capacity
We adopted the map overlay technique that is commonly used in ecological suitability assessment, which in short
is to firstly classify the ecological factors of lands; then analyze the ecological single factors and classify them; then 
determine the weight of the ecological single factors based on the actual circumstances; finally assess the ecological 
score of each ecological single factor based on the formula (1), in which iC  Score of each type of ecological single 
factor; jP˖ Weight of the corresponding ecological single factor. make unified classification and then obtain the 
assessment result of each ecological single factor. Based on the assessment result, we can calculate the ecological 
environment carrying capacity of the district, which is extremely important to guarantee the resilience of the district.
uuu u¦ ˇˇˇ 332211ji PCPCPCPCLand  (1)
x Water resource carrying capacity
There are many methods to survey water resource carrying capacity, this thesis adopted the A Simulation-and
Optimization-Based Control Object Inversion Model, or COIM model method[7]. Its basic thinking is to closely 
focus on the concept of water resource carrying capacity, using the “mutual restriction model of water resource 
system, social-economic system and ecological system” as the basic model, using “Maintaining the virtuous cycle of 
ecological system” as the control constraint and using the “Support of maximized social-economic scale” as the 
optimizing objective, so as to establish the optimal model. The “Maximized social-economic scale” obtained 
through the solution of optimal model (or back-stepping of control objective) is the water resource carrying capacity. 
4.2.2 Construction scale forecast based on integration of industry and city 
Forecasts of new town population are usually made on the basis of construction land scale of new town, they 
didn't analyze the concentration degree of industrial population in the district, so new towns could become "empty 
towns" or "ghost towns" due to lack of population. Different leading industries would bring different concentration 
spaces, the general development trend is that the spatial concentration degree of tertiary industry would be higher 
than the spatial concentration degree of secondary industry, and the concentration degree of secondary industry 
would be higher than the spatial concentration degree of primary industry [8]. Therefore, we need to 
comprehensively analyze the type of surrounding industrial cluster of district and the spatial distance of traffic 
accessibility, have balanced consideration of the scale distribution of residential and industrial land, so as to make 
forecast on the concentration of industrial population of district. Specifically, we could refer to the following 
principles. Firstly, the principle of ecology: industrial development should always make development layout 
surrounding the principle of ecological industry, and realize protective development, environmental benefit first and 
long-term interest upmost. Secondly, symbolic principle: the creation of industrial framework should fully reflect 
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the status of the new town in the industry, so as to play the demonstrative and driving role of ecological industrial 
chain to economic development. Thirdly, principle of feasibility: development projects should have feasibility in 
technology and have benefits in investment, and they should be adaptable to market demands and able to attract 
funding from outside.  
4.2. Build an enforceable index system 
The social-ecological system of ecological sensitive areas is a complex big system covering wide arrange of 
fields, and have many factors interacting and influencing on each other, it is extremely crucial for the system to 
enter virtuous cycle in the matter of how to guarantee the accurate enforcement of planning in new town 
development process. Therefore, we should build an enforceable index system to connect planning and construction, 
so planning thinking could be accurately enforced.  
Based on the various domestic and foreign methods regarding safety assessment, and based on the principle of 
index system design, we plan to build an index system that is composed of goal level, criterion level and index level 
[9]. Goal level means the ecological safety comprehensive assessment index, based on this index, we can determine 
the ecological safety grade of ecological sensitive areas; criterion level includes the environment-friendly state, 
resource conservation state, scientific development state and social harmony state, the four states could reflect the 
changes of natural ecological system, urban ecological system and district development vitality; index level means 
the 29 specific indexes proposed based on the characteristics of the ecological sensitive areas. In this framework, 
goal level is reflected by criterion level; criterion level is reflected by index level, in fact the goal level is a 
generalization of criterion level and specific index (Fig.4).  
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Fig. 4. The index System Structure. 
4.3. Dynamic adjustment based on feedback mechanism 
The typical characteristic of ecological sensitive areas is that they are extremely sensitive to external things, any 
construction activity may cause change to ecological environment, which means the existence of feedback 
mechanism between construction activity and ecological system. Feedback mechanism is an important mechanism 
to realize coordinated and stable development of construction activities, and also an important mechanism for the 
sustainable development of ecological environment. The specific operating mechanism is as follows (Fig.5): in order 
to realize the coordinated development of economy, society and environment of ecological sensitive area, we could 
input construction activities based on the objectives of sustainable development, including people, materials and 
information, after coordinated development, we output the new people, materials and information, through 
comparison of the forecasts, it would generate two kinds of feedback information: the first area didn't need 
adjustment decision-making; secondly, the development result didn't meet the forecasted requirements on ecological 
environment and district vitality, and have deviation from the set objectives, so we need to adjust the decision-
making until meeting the expected results [10]. It can be seen that feedback mechanism could use index system to 
implement real-time monitoring on the development vitality and ecological environment status of district, find 
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deviation and reflect it to decision-making authority as information feedback, to affect the decision-making of next 
step, so as to truly realize the coordination between district development and protection, and strengthen the 
resilience of the district under various states in the future.  
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Fig. 5. Social - ecological system feedback mechanism. 
4.4. New-town development framework based on resilience thinking 
Based on the afore-mentioned analysis, the new-town development framework of resilience thinking theory is 
mainly composed of four main parts, setting of sustainable development objective, planning of innovative system, 
establishment of enforceable index system and dynamic adjustment of implementation effect based on feedback 
mechanism, so as to form a complete operating framework (Fig.6). Firstly, the objective setting requirement is to 
realize sustainable development of district, which is mainly reflected by specific indexes. Secondly, the innovation 
of planning system integrates the development capacity control based on the principle of ecology and the 
construction scale forecast based on integration f industry and city, so as to ensure the development of ecological 
sensitive area is in the stage of forward cycle. Thirdly, insert index system between objective setting to construction 
implementation, so as to connect the two and ensure the objective planning to be enforced more accurately. Fourthly, 
change the unilateral model implemented by traditional planning and instruction, introduce the feedback mechanism 
of system theory, use index system to realize the dynamic feedback between implementing effect and objective, so 
as to timely adjust decision-making, and guarantee that the district development could still move forward based on 
existing objective in case encountering new things and uncertain factors rather than have subversive changes.  
Finally, the China Huashan Eco-city was adopted as the case, and the development model of Huashan New City 
was explored based on the new-town development framework of resilience thinking. Based on the 6 years of whole-
process follow-up and investigation from planning to construction and implementation5, the result showed that when 
ecological sensitive areas face the challenge of economic development, the pure and negative protection is not the 
best method to protect the nature and species, on the contrary, it could accelerate their degeneration. Only the 
coordination between production, living and ecology is the best solution.  
5 The main principal of this research team participated in the work of planning, site selection, conceptual planning of Huashan Eco-city in 2008 
as well as the subsequent series planning, research and decision-making work, and participated in the decision-making in the implementing 
process of the project.  
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5. Conclusion
Developing countries are currently in the stage of rapid development, protection and development have become 
the key of game, how to protect the environment while promote district development, the framework of resilience 
thinking has proposed the new direction. This framework proposed doubts to the pure protection model in ecological 
sensitive areas: the connotation of ecological protection is not just an ecological classification in space, but also a 
comprehensive consideration of the district social-ecological system from systematic perspective. Of course, this is 
just an exploration of common model, and this model also has risks, for example, if the original index system is 
broken in specific construction process, the threshold value is broken and the system stability is changed, then it will 
bring great influence on the ecological environment of the district.  
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